ABSTRACT
INTRODUCTION

39
The effect of natural disaster in the world cannot be over-emphasized, as a number of failures the landslide that occurred in Oko Community of Anambra State has rendered more than 150 60 people homeless. In addition, they reported that 15 buildings were destroyed, but no life was 61 lost. In 2013, no fewer than nine persons were buried alive, while many others sustained 62 injuries in the landslide that occurred at Edim Otop community of Calabar metropolis ( Figure   63 1). The landslide occurred after heavy rainfall which lasted for more than five hours. Landslides 64 Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -297, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Published: 26 October 2016 c Author(s) 2016. CC-BY 3.0 License.
induced by high-intensity or prolonged rainfalls constitute a major risk factor in Nigeria 65 especially because they have generally been poorly defined in the past. The landslides have the 66 potential to damage human settlements, industrial development, cattle ranch, forestry and 67 agricultural activities. Landslide is mass movement on slope involving rock fall, debris flow, 68 topples, and sliding (Varnes et al., 1984) . Landslide occurs as result of the presence of saturated 69 clay materials on the impermeable layer on steep slopes. Landslide that occurred on a slope is 70 influenced by gravity. The internal and external causes of landslide is presented in Table 1 . The 71 presence of soil moisture also increases the pore water pressure and lessens the material 72 stability. A change in pore water pressure is regarded as the main triggering factor to land 73 sliding (Ngecu and Mathu, 1999 and Knapen et al., 2006) . If an external load is applied to a 74 soil mass on a slope in the form of additional water or overburden, the pore water pressure will 75 build up such that mass and water will be expelled at weak points (Alexander, 1993) .
76
Slope instability is the condition which gives rise to slope movements (Alexander, 1993) . In 77 every slope, there are forces (stresses) that tend to instigate or cause movement (shear stress), 78 and opposing forces which tend to resist movement (shear strength), (Bromhead, 1984; 79 Alexander, 1993) . Sliding occurs when shear stress is greater than shear strength. In normal 80 circumstances, the shear stress is balanced by shear strength and a state of equilibrium is 81 maintained (Alexander, 1993) . However, this equilibrium can be disturbed by stress increments 82 or weakening of frictional force. The failure of slope material depends partly on the strength of 83 frictional force between the sliding mass and the bedrock (Crozier, 1984; Alexander, 1993; and 84 Matsushi et al., 2006) . Slope stability analysis can be performed using either total or effective 85 stress. Total stress analysis is applicable to embankments and multistage loading problems 86 where the short term condition is critical, while effective stress analysis should be used for 87 excavation problems where the long-term condition is critical (Duncan, 1996) . The search for 88 the preparatory factors and cause(s) of an individual landslide or an attempt to designate the 89 state of instability is prompted to find an efficient way of responding to the problem by legal 90 necessity, or simply by a desire for knowledge (Crozier, 1984) . The danger of slope instability 91 can never be over emphasized in its destructive property. To understand and evaluate Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -297, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Published: 26 October 2016 c Author(s) 2016. CC-BY 3.0 License. slope failures despite the much higher elevation and steepness of slopes in the area. These 98 differences in scale and frequency were the major motivating factors for the research. 
GEOLOGICAL BACKGROUND
100
Nigeria is a part of Africa that forms the continental crust and lies in the Pan-African mobile 101 belt that has been affected by Pan-African events during the ages of orogenic, epeiorogenetic, 102 tectonic and metamorphic cycles (Rahaman, 1976 Figure 3 ) and to the south of Tuareg Shield (Black, 1980) .
106
It consists of gneiss migmatite complex, schist belt and granitoids (older granites) of the 107 Archean, Paleoproterozoic and Neoproterozoic (Annor, 1998 The sieved clay and silt from the sieve washing was collected in a container and allowed to 
Atterberg limits determination
197
To determine the liquid limit of the soil samples, the fraction of the soil that passed through the 
RESULTS AND DISCUSSION
270
Grain size distribution and soil classification 271
The results of grain size analysis is shown in Figure 4 and Table 2 . The grain size distribution Table 2 ). 
Atterberg limit
283
The summary of results obtained from moisture content, liquid limit, plastic limit and plasticity 284 index analyses are presented in Figure 6 and Table 3 . The plasticity charts (Figure 7 ) was used 
Compaction test
291
The compaction test at standard state condition yielded maximum dry densities (MDD) of 292 1.84g/cm 3 and 1.88g/cm 3 for Eyenkorin 1 and 2, respectively ( Figure 9 ). to good and value as a base course as good to poor (Table 5) . 
315
Boundaries in the gradation curves for soils were used to determine liquefaction susceptibility 316 of the soil samples (Tsuchida, 1970) . Boundary most susceptible to liquefaction is in the sand 317 region, with about 60-80 % of sand, whereas boundary for potentially liquefiable soil is in the 318 region of 20-40 % sand (Tsuchida, 1970) . Soils with a higher percentage of gravels tend to 319 mobilize higher strength during shearing, and to dissipate excess pore pressures more rapidly 320 than sands. However, there are case histories indicating that liquefaction has occurred in loose 321 gravelly soils (Seed, 1968; Ishihara, 1985; Andrus et al., 1991) higher when compared to the FOS values from wet slope ( Figure 13 ). This was due to the effect 347 of pore water pressure on the soil as it reduced the shear strength of the soil. Figure 14 shows 348 the critical slip surface (CSS) and factor of safety (FOS) for non-optimised wet slope. The slip 349 surface was at the top of the slope (Figure 13a ) whereas in Figure 13b , it shows the CSS passing Simplified factor of safety falls on the moment curve in Figure 17 where lambda is zero.
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